The family Leguminosae is one of the largest families of green plants, containing more than 17 900 species distributed throughout the world (Allen & Allen, 1981) . Most legume species have a unique and important characteristic that enables them to form nodules on roots and/or stems and establish symbiosis with soil bacteria, collectively called rhizobia. Within nodules, rhizobia reduce N 2 to ammonia which can then be used by the legume plants. Due to the ecological and economic importance of rhizobia, their diversity has been extensively investigated and rhizobial taxonomy has been greatly improved in the last two decades. So far, more than 50 species of rhizobia have been reported (Wang et al., 2006) . In China, a total of 1485 leguminous species in 172 genera have been recorded and they are distributed in the tropical, subtropical, temperate and frigid climate zones, from the south to the north (Wang et al., 2007) . Diverse rhizobia isolated from Chinese legumes have been characterized and several novel species have been proposed (Chen et al., 1988 (Chen et al., , 1991 Gao et al., 2004; Scholla & Elkan, 1984; Tan et al., 2001; van Berkum et al., 1998; Wang et al., 1999 Wang et al., , 2007 Wei et al., 2002 Wei et al., , 2003 Xu et al., 1995; Yao et al., 2002) .
Xinjiang is the largest province of China and has an area of 1.66 million km 2 , roughly 1/6 of the total Chinese territory. Most of Xinjiang is covered by desert. It has a typical continental climate, with low rainfall but very high evaporation potential. The soils in this area are poor in organic matter with high salinity and alkalinity (Chen et al., 1995) . In a previous study (Han et al., 2008) , we characterized 111 rhizobial strains isolated from multiple wild legume species growing natively in Xinjiang by amplified rDNA restriction analysis (ARDRA) and sequence analysis of 16S rRNA genes (data not shown). Twenty-four of the strains that were isolated from the nodules of Astragalus filicaulis, Lotus frondosus, Lotus tenuis, Oxytropis glabra and Robinia pseudoacacia (Table 1) were classified within the genus Mesorhizobium based on ARDRA. These 24 strains formed three genomic species and genospecies V and VI were phylogenetically closely related to Mesorhizobium tianshanense, while genospecies VII was closely related to both Mesorhizobium amorphae and Mesorhizobium septentrionale. In this study, these strains were further analysed to clarify their taxonomic status by 16S-23S rRNA intergenic spacer (IGS) RFLP (IGS-RFLP), SDS-PAGE analysis of whole-cell proteins, BOXrepeat-based PCR (BOX-PCR) fingerprinting, analysis of phenotypic characteristics, DNA-DNA hybridization and sequence analyses of rrs, IGS, atpD, recA, nodC and nifH genes.
IGS-RFLP, considered to be a useful tool for investigating the relatedness of closely allied rhizobial strains (Jensen et al., 1993; Vinuesa et al., 1998; Laguerre et al., 1996) , was performed with the primers FGPS1490 (Navarro et al., 1992 )/FGPL1329 (Ponsonnet & Nesme, 1994) and MboI, MspI and AluI restriction endonucleases. The results showed that the test strains formed three clusters corresponding to the three genomic species defined in the previous study at a similarity of 76 % at which all the reference strains were distinguished according to their species (see Supplementary Fig. S1 in IJSEM Online). Genomic species VII contains four strains isolated from Robinia pseudoacacia and was found to cluster with M. amorphae and M. septentrionale, indicating that these species are closely related to genomic species VII. In contrast, genomic species V and VI formed a cluster that was separate and distinct from the recognized species of the genus Mesorhizobium analysed here, suggesting that they may represent two novel species.
SDS-PAGE of whole-cell proteins was conducted according to a previously described method (Tan et al., 1997) . The normalized densitometric traces of the electrophoretic protein patterns were grouped using the Gelcompar II software package (Applied Maths). The similarity between each pair of samples (strains) was expressed by DICE and an UPGMA dendrogram was constructed (Vauterin & Vauterin, 1992) . All the test strains in the SDS-PAGE analysis of whole-cell proteins formed three clusters corresponding to genomic species V, VI, and VII, respectively, at a similarity level of 87 %, where all the reference strains of Mesorhizobium included in the study could be well separated (see Supplementary Fig. S2 in IJSEM Online). Genospecies VII clustered with M. septentrionale at a similarity level of about 87.5 %, implying that this genospecies belongs to M. septentrionale. Genospecies V and VI produced different protein patterns from those of the strains for recognized Mesorhizobium species at the similarity level of 87 %.
To reveal the genetic diversity of the novel isolates, BOX-PCR was performed using the BOXAIR primer (Versalovic et al., 1994) . PCRs were carried out as described by Nick & Lindström (1994) . The fingerprints were analysed by the Gelcompar II program (Applied Maths) and an UPGMA Two novel Mesorhizobium species dendrogram was constructed as described above. BOX-PCR is a high resolution molecular fingerprinting method that is able to distinguish closely related isolates up to the intraspecies level (Cho & Tiedje, 2000; Healy et al., 2005; Rademaker et al., 2000) . In this analysis, 16 BOX patterns were produced among 24 test strains, revealing a high genetic diversity (see Supplementary Fig. S3 in IJSEM Online). Three corresponding clusters were observed. Genospecies V and VI were clearly separated from all the recognized species of the genus Mesorhizobium used in the BOX-PCR analysis. These results were in an agreement with those of the IGS-RFLP and SDS-PAGE analyses described above.
The 16S rRNA gene and IGS sequence of representative strains for each genomic species were amplified with the primers P1/P6 (Chen et al., 1995) for rrs and FGPS1490 (Navarro et al., 1992 )/FGPL1329 (Ponsonnet & Nesme, 1994) for IGS. The atpD and recA genes of the representative strains were also amplified and sequenced by using the method of Vinuesa et al. (2005a, b) , with primer sets atpD255F/atpD782R and recA41F/recA640R, respectively. The sequencing of partial nodC and nifH genes of representative strains was performed with the primers nodCfor540/nodCrev1160 of Sarita et al. (2005) and nifH1F/nifH1R of Rivas et al. (2002) , respectively. The PCR protocol for the nifH gene was as described by Rivas et al. (2002) , while that for the nodC gene was as following: an initial denaturation at 95 u C for 5 min, 30 cycles of denaturation at 94 u C for 45 s, annealing at 56-52 u C with 20.1 u C s 21 for 40 s, and extension at 72 u C for 45 s; and final extension at 72 u C for 6 min. All the amplified fragments of each gene were directly sequenced as described previously (Hurek et al., 1997) . These sequences were compared with those held in the GenBank database. All the sequences obtained from this work and from the GenBank database were aligned using CLUSTAL W software (Thompson et al., 1994) . The distances were calculated according to the Jukes & Cantor (1969) , the Kimura two-parameter (Kimura, 1983) , Tajima & Nei (1984) and Tamura & Nei (1993) models. Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , minimum-evolution (Rzhetsky & Nei, 1993) and maximum-parsimony (Swofford, 1993) methods. Bootstrap analysis was based on 1000 replications. All of the trees were analysed by the MEGA3 package (Kumar et al., 2004) . As no significant topological differences were found among the phylogenetic trees obtained by the different methods assayed, only those trees constructed by using the neighbour-joining method after distance analysis of aligned sequences according to the Jukes & Cantor model are shown.
In the present study, strains CCBAU 83330 T , CCBAU 83346 and CCBAU 83511 representing genospecies V, strains CCBAU 83306 T , CCBAU 83321 and CCBAU 83278 representing genospecies VI, and strains CCBAU 83281 and CCBAU 83284 representing genospecies VII were selected for sequence analyses of 16S rRNA, IGS, atpD, tianshanense are the most closely related species; this was also confirmed by the phylogenetic analyses based on IGS, atpD and recA gene sequences. It should be noted that strain CCBAU 83278 formed quite separate lineages in the phylogenetic trees based on atpD and recA gene sequences. This could be explained by the fact that strain CCBAU 83278 is the most peripheral member of genospecies VI in BOX-PCR and SDS-PAGE analyses and in the phylogenetic tree based on IGS sequences. These results indicated that strain CCBAU 83278 belongs to a different species from strain CCBAU 83306
T and from any of the recognized species of the genus Mesorhizobium. Strain CCBAU 83278 was analysed further by DNA-DNA hybridization experiments.
The symbiotic genes (nod and nif) of rhizobia are adaptive genes that in many cases have an evolutionary history independent of the housekeeping genes (Wang et al., 2007) . A comparison of their phylogenies with those derived from housekeeping genes may reveal lateral gene transfer events among rhizobia (Haukka et al., 1998) . In the present study, nodC and nifH gene fragments were amplified by PCR from the strains with different host plants and were sequenced directly as described above. In the phylogenetic tree based on the nodC gene (see Supplementary Fig. S7 in IJSEM Online), strains CCBAU 83306 T , CCBAU 83321, CCBAU 83511 and CCBAU 83346 clustered with M. tianshanense and strain CCBAU 83330 T clustered with Mesorhizobium loti. Strains CCBAU 83281 and CCBAU 83284, as well as strain CCBAU 83278, which were isolated from Robinia pseudoacacia, formed a separate lineage that was most closely related to the M. amorphae/Mesorhizobium huakuii lineage. Generally, the nifH gene-based tree (see Supplementary Fig. S8 in IJSEM Online) showed similar phylogenetic relationships to that based on the nodC gene sequences. The exception was that strain CCBAU 83511, isolated from Astragalus filicaulis, was closest to M. tianshanense in the nifH gene-based phylogenetic tree but was closest to M. loti in the nodC genebased phylogenetic tree.
Since DNA-DNA hybridization is considered as a standard method for species definition (Wayne et al., 1987; Graham et al., 1991) , representative strains CCBAU 83306 T , CCBAU 83321, CCBAU 83278, CCBAU 83330 T , CCBAU 83521, CCBAU 83346, CCBAU 83284 and related reference strains were chosen for hybridization assays. Total DNA was extracted from each strain by the method of Marmur (1961) . DNA-DNA hybridization was performed using the spectrophotometric method (De Ley, 1970) . The G+C content of the DNA was measured using the thermal denaturation method of Marmur & Doty (1962) using Escherichia coli K-12 as the standard. The hybridization values among the representative strains and the reference strains for the related recognized species of the genus Mesorhizobium are summarized in Table 2 . Except for strain CCBAU 83278, the DNA-DNA relatedness values (Table 2) . These results, as well as those of the sequence analyses, led to the conclusion that the strains of genomic species V and VI belong to three distinct novel species based on the recommendation of a threshold value of 70 % DNA-DNA relatedness for species delineation (Wayne et al., 1987; Graham et al., 1991) . The DNA G+C content values ranged from 57.23 % to 57.86 % with a mean value of 57.65 % for genospecies V, and 57.44 % to 57.85 % with a mean value of 57.51 % for genospecies VI.
Strains representing the three novel species including strains CCBAU 83306 T , CCBAU 83521, CCBAU 83330 T , CCBAU 83345 and CCBAU 83278 and six type strains of related recognized species were chosen for phenotypic characterization. A total of 107 phenotypic features were examined using methods described previously (Gao et al., 1994) . The characteristics examined included utilization of sole carbon and nitrogen sources; resistance to antibiotics (5, 50, 100 and 300 mg ml 21 ); tolerance to NaCl (1-5.0 %; w/v); production of catalase, urease, L-phenylalaninase and oxidase; the methyl blue reduction reaction, Nile blue reduction and nitrate reduction; litmus milk reaction and the pH and temperature ranges for growth. Analysis of cellular fatty acids was performed for strains CCBAU 83278, CCBAU 83330
T and CCBAU 83306 T according to methods described by Sasser (1990) and Tighe et al. (2000) . The two novel species could be distinguished from each other and from the closely related species of the genus Mesorhizobium by several phenotypic characteristics (Table 3) and by their fatty acid contents (see Supplementary Table S1 in IJSEM Online).
Based upon all the results obtained in this study, we believe that genomic species V and VI represent three separate novel species in the genus Mesorhizobium. Since only one strain, CCBAU 83278, was identified as representing one of the novel species, a name is not yet proposed for this taxon. According to the current criteria for descriptions of rhizobial species, we propose two novel species, Mesorhizobium gobiense sp. nov., represented by genomic species V (type strain CCBAU 83330 T ), and Mesorhizobium tarimense sp. nov. represented by genomic species VI (type strain CCBAU 83306 T ).
Host range is an important feature for root-and/or stemnodule bacteria and cross-nodulation tests were performed with the representative strains CCBAU 83306 T and CCBAU 83330 T with the hosts of origin and the related hosts Astragalus membranaceus, Glycyrrhiza uralensis, Lotus corniculatus, Oxytropis glabra, Robinia pseudoacacia and 
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the recommended standard plant species Leucaena leucocephala, Phaseolus vulgaris, Pisum sativum and Medicago sativa (Graham et al., 1991) . The seeds of the host plants were surface-sterilized, germinated and inoculated according to a standard procedure (Vincent, 1970) . The inoculated seedlings were grown in Gibson tubes (Gibson, 1980) supplemented with a nitrogen-free plant nutrient solution (Brunel et al., 1996) , while non-inoculated plants were used as controls. Three replicates were prepared for each treatment. Plants were incubated in a greenhouse under natural sunlight. After 45-60 days, the plants were harvested and the nodules were observed. The results Gram-negative, aerobic, non-spore-forming rods that are 0.3-0.6 mm wide by 1-3 mm long. Colonies on YMA medium are circular, convex, white, opaque and usually have a diameter of 1-2 mm after 5-7 days incubation at 28 uC. The optimum growth temperature is 25-30 uC and growth can take place at 37 u C. Growth is inhibited at 10 u C or 60 u C. The optimum pH for growth is 6-8 and growth can take place at pH 5-9. All strains grow on YMA in the presence of 1 % NaCl. Mesorhizobium tarimense (ta.ri.men9se. N.L. neut. adj. tarimense referring to the Tarim basin, from where the strains reported in this study were isolated) Gram-negative, aerobic, non-spore-forming rods that are 0.3-0.6 mm wide by 1-3 mm long. Colonies on YMA medium are circular, convex, white, opaque and usually have a diameter of 1-2 mm after 5-9 days growth at 28 u C. The optimum growth temperature is 25-30 u C and no growth occurs at 10 u C or 37 u C. The optimum pH for growth is 6-8 and growth can take place on YMA plates at pH 5. Does not grow on YMA in the presence of 1 % NaCl. 
